Differentiation of the rat testis from the undifferentiated primordium begins with the appearance of a new cell type characterized by a large and clear cytoplasm. These cells aggregate, enclose germ cells, and progressively form seminiferous cords. Therefore, they were considered primordial Sertoli cells. A similar process was obtained in vitro in explants cultured in a synthetic medium. On the contrary, when fetal calf serum was added to the medium, the organization of seminiferous cords was impaired; large clear cells appeared, but they did not aggregate. Instead, they remained scattered throughout the abnormal gonad. The present experiments were undertaken to verify whether these cells are in fact Sertoli cells. The production of Mullerian inhibitor is a marker of fetal Sertoli cells. Therefore, undifferentiated gonadal primordia from 12-day 16-hr old male rat fetuses were cultured for 2 days in vitro with serum and then associated for 3 days with 14.5-day-old sex ducts from female fetuses. Mfillerian ducts were inhibited as well by the abnormal cordless gonads as by those with lifferentiated sex cords. These experiments confirm previous views on testicular development and demonstrate that differentiation of Sertoli cells may take place quite independently of the testicular cord formation.
confirm previous views on testicular development and demonstrate that differentiation of Sertoli cells may take place quite independently of the testicular cord formation.
The differentiation of a testis from the early undifferentiated primordium begins with formation of the sex cords. In the rat fetus, this process is initiated by the appearance of a new cell type-large clear cells that progressively aggregate and form the seminiferous cords-13 days after fertilization. Since completed cords are composed of primordial Sertoli cells and of germ cells, it was assumed that the new clear cells appearing in the primordium were Sertoli cells (1, 2) . Testicular organogenesis progressed typically in vitro when the gonadal primordia and the adjacent tissues from 12-day 16-hrold fetuses were explanted in a synthetic medium (medium CMRL 1066) (3) (4) (5) . In such explahts, the gonads do not grow much in size during the next 3-4 days. Nevertheless, they contained a small number of seminiferous cords showing the characteristic arrangement of polarized Sertoli cells with their cytoplasm extending inward in the cord.
This typical testicular organogenesis was impaired and suppressed in undifferentiated explants cultured in a medium to which fetal calf serum or other sera were added (3) (4) (5) . Under the influence of serum, the male gonads followed a peculiar pattern 
MATERIALS AND METHODS
Protocol. Sexually undifferentiated gonadal primordia from 12-day 16-hr-old fetuses were cultured in a medium containing fetal calf serum for 2 days and were then cocultured with 14.5-day-old fetal sex ducts for the biological test. Control experiments comprised testes differentiated in the serum-free medium and ovaries cultured in the medium containing serum, both associated to sex ducts.
Animals. The animals were Wistar CF rats (stock maintained by the Centre National de la Recherche Scientifique; colony of R. Janvier, 53680 Le Genest, France Sexing the Young. The fetal masses with intact fetal membranes and placentae were aseptically removed from the uteri of anesthetized females (3 mg per 100 g of body weight; sodium pentobarbital). To determine the sex of the young, the sex chromatin test was performed extemporaneously on a piece of amniotic membrane (1, 13) . Explants and Culture. Primordia on the mesonephroi were dissected out and cultured as described (4, 5) on agar-coated grids in Falcon (3037) dishes. The medium was level with the grids, the temperature was 360C + 10C, and the gas mixture was 19%o 02/76% N2/5% CO2.
The basal culture medium was CMRL 1066 (14) (purchased from Eurobio, Paris) containing penicillin and streptomycin (5) . Fetal calf serum (Eurobio, Paris) was added to the culture medium to a final concentration of 15% (vol/vol).
Biological Test for Mullerian Inhibitor. After 2 days of culture, the explants containing the gonads were transferred into a new Falcon dish in contact with the sex ducts from a 14-day 14-hr-old female rat fetus that had been previously deprived of ovaries and placed on the grid. Each association was made and grown for 3 days in the same type of medium as that in which the gonads were maintained during the first 2 days (i.e., with or without serum). At the end of the culture period, the explants were fixed for 24 hr in Bouin's fluid, paraffin-embedded, sectioned at 5 ,um thickness, and studied histologically.
The Mullerian inhibiting activity of the gonads was judged almost completely obliterated, and their surrounding mesenchyme changed into a ring of fibroblasts. A higher degree of inhibition (strong inhibition in Table 1 ) was obtained when the ducts were reduced to a narrow and solid strand of cells or completely absent in at least half the serial sections. When the ducts maintained a normal diameter and their cells had a normal height, they were considered uninhibited.
RESULTS
Before considering the Mullerian inhibiting activity of the gonads obtained under the influence of serum, it is necessary to consider their own development and structure.
Regardless of whether the medium contains serum or not, the gonads remained similar to each other and undifferentiated up to 24 hr after the commencement of in vitro culture.
Proc. NatL Acad ScL USA 81 (1984) Jw MONO Uh,-After 2 days, large clear cells appeared in both types of medium. A thorough examination revealed that in the culture made without serum many of these cells tended to aggregate and to become polarized (Fig. 1A) ; in the cultures made with serum, the first sign of testicular organization remained absent (Fig. 1C) . Therefore, at the time the gonadal cultures were associated to Mullerian ducts, they already displayed differences depending on the composition of the culture medium. These differences became striking during the next 3 days, because the gonads grown in the medium containing serum never displayed any sign of testicular organogenesis until the end of the experiment (Fig. iD) . In the control gonads grown in serum-free medium, well formed seminiferous cords developed (Fig. iB) .
Gonads from female fetuses remained morphologically undifferentiated throughout the experiment (Fig. 1 E and F) .
The Mullerian inhibiting activity of the cordless male gonads was compared with that of normally developed control testes as well as female gonads.
From those cases in which either the ducts were injured at explantation or the gonads failed to contact the ducts (14 and 10 ducts, respectively, of a total of 86). The 40 Mullerian ducts associated with cordless abnormal male gonads were all clearly inhibited (Fig. 2B) ; 18 of those were strongly inhibited (Table 1) . At the end of experiments, 4 of these affected ducts were in contact with gonads that had become necrotic. It is likely that these gonads had exerted an early effect, because an initial testicular contact of 24 hr (15) or 12 hr (16) is sufficient to induce further Mullerian inhibition.
In the control experiments (Table 1) , as could be expected, the testes grown in serum-free medium inhibited the Mfillerian ducts ( Fig. 2A) , but the ovaries did not (Fig. 2C) . In addition, in another series of experiments involving 17 cases, the ducts from 14.5-day-old female fetuses were cultured in the presence of serum but independent of any gonad; the Mullerian ducts persisted. DISCUSSION The inhibition of the Mullerian ducts cultured in contact with the cordless gonads in medium containing serum was not due to the serum itself, because ducts similarly cultured in contact with ovaries or without any gonad were well maintained.
The protocol of the experiment, 2 days of culture of the male gonadal primordia alone followed by 3 days of combined culture with the ducts, was adopted for the following reasons. The primordia had to be explanted before any morphological or physiological sign of sex differentiation. The 12-day 16-hr-old gonads fulfilled both requirements, because they were still morphologically identical in both sexes and because the rat fetal testis was shown not to produce Mullerian inhibitor before the age of 14.5 days (15) . Moreover, the sensitive period of the Mullerian ducts to Mullerian inhibitor is limited to the time around day 14.5 (8) . In our experiments, the ducts and the gonads were associated at approximately that age (if, for the gonads, one adds the 2 days in vitro to the age at explantation). The biological test used does not permit us to assess with precision the exact time when the gonads begin producing the Mullerian inhibitor.
This protocol seemed appropriate to answer two questions: namely, elucidating more completely the normal process of testicular differentiation and investigating the relationship between cytodifferentiation and organogenesis in the development of a complex organ such as the testis.
With regard to testicular differentiation, the present results demonstrate that the male gonads in which morphogenesis has been prevented, nevertheless secrete anti-Mullerian hormone. Since that hormone is a marker of the fetal Sertoli cells (6, 7), functional Sertoli cells are present in the abnormal male gonads. Thus, serum interrupted the normal process of testicular organogenesis of seminiferous cords, but it did not disturb the differentiation of the Sertoli cells themselves. It follows then that our experiments confirm earlier morphological observations, which indicated that the emergence of a new cell type in the indifferent gonadal blastema-namely, the primordial Sertoli cells-is the first sign of (17) observed that already differentiated mouse fetal testes cultured in a medium containing cAMP analogues were disorganized after 2-7 days; no comparison was made with a similar effect of serum described previously (3, 4, 9) . Younger explants were in the same disorganized state after 7 days in vitro, but the initial stages of gonad differentiation and the role of Sertoli cells were not studied.
Another point of theoretical interest is the observation that a primordium that failed to manifest testicular organogenesis nevertheless produced the hormone characteristically secreted by the cells of the seminiferous cords, the Sertoli cells. The experimental technique presently used successfully dissociates organogenesis from functional cytodifferentiation. This result resembles that obtained in fetal mouse pancreas: cytodifferentiation of exocrine cells occurred independent of morphogenesis when the protodifferentiated epithelium was isolated from investing mesoderm and cultured in vitro (18) . The pancreas system comprised only one cell type, which did not divide mitotically but accumulated amylase activity and zymogen granules, although acini formation was prevented. In our system, the normal complement of cells was present in the gonadal area at the beginning of the experiment, but testicular organogenesis has been dissociated from physiological cytodifferentiation. In other experiments (19) , testosterone production and differentiation of cells showing a histochemical 3,0-hydroxysteroid-dehydrogenase activity could also be evidenced in gonads that never acquired a testicular structure.
